ANGUIiAR TRANSDUCER UNIT AIsID METHOD FOR ITS MANUFACTURE, 
AS WELL AS ANGULAR SWITCHING DEVICE AtJD DEVICE FOR THE DETEC- 

TION OF OBJECTS 



In a first aspect the present invention relates to a method for 
the manufacture of a transducer unit for an angular switching 
device. In further aspects the invention relates to a trans- 
ducer unit manufactured through the method, to an angular 
switching device and to a device for the detection of ob j ects , 

Angular switching devices^ 1-e- switching devices in which a 
detection or radiatioh area of a transducer assumes an angle of 
e.g. 90° relative to the casing axis of the switching device 
are e-g. known from DE 2 01 06 871 Ul* Such an angular switching 
device has the following components: an angular transducer unit 
with a transducer element, a casing sleeve for receiving elec- 
tronics, in which the transducer unit is positioned at one end 
of the casing sleeve, and a connection part positioned at a 
second end of the casing sleeve for connection to external 
equipment . 

Such angular switching devices are appropriately then used 
where conventional switching devices with a substantially axi- 
ally extending detection or radiation area are unusable for 
space reasons, i.e. where a very conxpact layout of the switch- 
ing devices is necessary or desired. 

A device according to the preamble for the detection of ob- 
jects, particularly for the detection of labels, is described 
in EP 1 067 053 Al. In that case transmitters and receivers are 
housed in a forked casing. 
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Angular switching devices are also described in EP 1 067 053 
Al, DE 200 05 283 Ul, DE 100 58 480 Al and DE 30 08 309 C2 . 

DE 43 28 366 C3 and DE 195 21 361 Al relate to axial switching 
devices . 

A device for the detection of multiple sheets is disclosed in 
US 4,066,969- 

In the manufacture of an angular transducer unit a transducer 
element is inserted and fixed in an angled bush. The term an- 
gled bush is here understood to mean a tubular component with a 
first, axial opening for connection to a casing sleeve of a 
switching device and with a second opening opening transversely 
to the axial direction. The second opening is the entrance or 
exit opening for the transducer element. 

Compared with axial switching devices the relative positioning 
of the transducer element relative to the bush is more diffi- 
cult in the case of an angular transducer unit, because there 
the positioning cannot essentially be obtained by centring with 
respect to the casing axis. 

The object of the present invention is to provide a method for 
the manufacture of an angular transducer unit for an angular 
switching device with which such transducer units can be very 
precisely manufactured, that can be easily and inexpensively 
performed and is also suitable for an industrial scale produc- 
tion. In addition, an angular transducer unit, an angular 
switching device and an object detection device are to be pro- 
vided, which are also easy and precise to manufacture. 

In a first aspect this object is achieved by the method having 
the features of claim 1. In further aspects of the invention 
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this object is achieved by an angular transducer unit according 
to claim 20, by an angular switching device according to claim 
23 and by the object detection device according to claim 29. 

Advantageous variants of the method and preferred embodiments 
of the inventive angular transducer unit, angular switching de- 
vice and object detection device form the subject matter of the 
subclaims • 

The method of the aforementioned type is inventively further 
developed in that the transducer element is brought into 
aligned engagement with a transducer receptacle formed in a 
tool, that subsequently the bush for precise positioning with 
respect to the transducer element is brought into an aligned 
and at least partly positive engagement with a bush receptacle 
suitably formed in the tool and that for the production of the 
transducer unit the transducer element is fixed in the bush* 

In the case of the angular transducer unit according to the in- 
vention prior to the fixing of the transducer element it can be 
received with clearance in the bush and the transducer element 
is given a defined positioning with respect to the bush with 
the aid of a tool, particularly in accordance with the inven- 
tive method* 

In the case of the angular switching device according to the 
invention the angular transducer unit is manufactured in accor- 
dance with the inventive method. 

A first fundamental principle of the invention is that the as- 
sembly of the transducer element and bush requires the use of a 
suitably shaped tool, which can also be referred to as a stop 
fitting or form. In said tool is formed a transducer receptacle 
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with which the transducer element is inventively brought in a 
first method step into aligned engagement - 

A further fundamental principle of the invention is that for 
the precise positioning of the bush relative to the transducer 
element the bush is also brought into an aligned engagement 
with the tool. For this purpose the tool is also provided with 
a suitably shaped bush receptacle. 

A first major advantage of the inventive method is that the 
precision and reproducibility of positioning can be signifi- 
cantly improved- Thus, the inventive method is particularly 
suitable for industrial scale production. 

A second important advantage is that the method can be per- 
formed using simple means, i.e. inexpensively - 

With the method according to the invention, if the transducer 
element has a clearance in the angled bush, i.e. is not posi- 
tively received there, the relative position of bush and trans- 
ducer element can be adjusted precisely and in a defined manner 
by a suitable choice of tool. Thus, there is a high manufactur- 
ing variability. 

It is also advantageous that in the case of a possibly modified 
relative position between transducer element and bush, it is 
not necessary to replace the shaping tools for the transducer 
element and/or bush, but instead only the much less expensive 
positioning tool. 

In a preferred variant of the inventive method the transducer 
element is fixed relative to the tool. This facilitates the 
relative positioning of the transducer element with respect to 
the bush and safety is increased. 
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The transducer element can e,g- be fixed by vacuum, adhesives, 
particularly an adhesive tape, and/or by magnets - 

If e.g. using the same tool body it is wished to manufacture 

transducer units using transducer elements of different sizes, 
it can be appropriate for the transducer receptacle to at least 
partly be formed by a transducer centring device, which is in- 
serted or engaged in a tool body of the tool. 

In a particularly preferred variant of the method a transducer 
element is initially appropriately aligned relative to the tool 
body using a transducer centring device, and fixed e.g. by a 
vacuum. The transducer centring device is then removed again, 
so that after filling the gaps with foam or moulding material, 
by means of the hardened foam or hardened moulding material , . 
the transducer surface and a bush boundary surface form a pla- 
nar termination. 

If transducer units with bushes of different size are to be 
manufactured with the same tool body, it can be appropriate for 
the bush receptacle to at least partly be formed by a bush cen- 
tring device, which is inserted or engaged in the tool body. 

Additional safety can be obtained through the transducer cen- 
tring device and/or bush centring device being fixed with re- 
spect to the tool body. 

In principle, any type of fixing can be used. For example, the 
transducer centring device and/ or bush centring device can be 
fixed by adhesives, particularly an adhesive tape, and/or by 
vacuum. However, a variant of the method in which the trans- 
ducer centring device and/or bush centring device is fixed by 
magnets is particularly easy to perform. 
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It can also be appropriate in this connection to fix the bush 
relative to the tool, particularly using a holder provided on 
the tool . 

If the transducer element is to be fixed by vacuum with respect 
to the tool body, the transducer element can be sucked onto the 
tool by means of at least one vacuum duct in the tool body. 

In a particularly simple manner the transducer element can be 
connected or fixed relative to the bush if gaps in the bush are 
at least partly filled with foam or moulding material. Known 
materials can be used for this purpose. 

An outward passage of foam or moulding material as a result of 
a suction effect of the vacuum and resulting problems in the 
case of a relative alignment can be avoided if a pressure com- 
pensation takes place on radially outer areas of a sucked on 
transducer element using compensating ducts in the tool body. 

In a particularly preferred variant of the method use is made 
of a tool with steps, which as a stop can engage with a front 
end and/ or a setback shoulder of the bush. The steps make it 
possible in simple manner to bring about an at least partial 
positive engagement of the bush with the tool. 

In connection with large scale production it is also advanta^ 
geous to manufacture several transducer units in parallel using 
a single tool with a plurality of transducer receptacles and 
bush receptacles. The step- like tool body variant is e.g. par- 
ticularly appropriate for construction using a plurality of 
transducer and bush receptacles . 

To avoid the influence of interfering radiation on the trans- 
ducer element in operation, the inside of the bush can be at 
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least partly metallized or use can be made of a shielding can 
pressed into the bush by positive engagement . 

A particularly stable structure and a clearly defined alignment 
of the components is brought about by fixing, particularly sol- 
dering the shielding can to a printed circuit board - 

It is also appropriate in this connection to solder the trans- 
ducer element to the shielding can, particularly by means of a 
clip provided thereon - 

Additionally or alternatively the bush can be brought into a 
positive smd/or non-positive engagement, particularly a locking 
engagement with a printed circuit board. 

The functionality of the transducer units can be increased by 
inserting and fixing several transducer elements in an angled 
bush. 

The transducer unit according to the invention can in principle 

be used both as a transmitter and a receiver. The transducer 
element can e.g. have a random sensor, particularly an induc- 
tive, optical, capacitive, temperature, pressure and/or ultra- 
sonic sensor. 

It is particularly useful to use an inventive transducer unit 
in a switching device constructed as a proximity switch and 
which operates cyclically and/or in a barrier operation. 

A cyclic switching device is here understood to mean a device 
in which a transducer emits a signal and simultaneously or op- 
tionally with a time lag the response from a possibly present 
object is detected. As opposed to this in the case of a bar- 
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rier, e.g. a count barrier, a separate transmitter and separate 
receiver are provided - 

Undesired irradiation of the inventive switching device can be 
reduced or avoided if a shielding sleeve is provided for 
shielding purposes in the casing sleeve of the switching de- 
vice- 
Such a switching device is preferably manufactured in a single- 
operation method, such as is e,g, described in German patent 
application 103 59 8 85.5. 

Aligiament of the switching device is made easier if the casing 
sleeve is angular and in particular square in profile* However, 
a cylindrical casing sleeve permits a variable or a standard- 
ized switching device positioning in proximity switch technol- 

The inventive switching device permits a very high functional- 
ity. In particular, the switching device can be constructed as 
a transmitter and/or receiver. There can also be several trans- 
ducer elements, optionally also in several bushes. 

The advantages of the inventive switching device can be par- 
ticularly appropriately used in a device for the detection of 
objects with at least one transmitter for emitting a measuring 
signal in a detection area and with at least one receiver for 
receiving an incoming signal from the detection area, the 
transmitter and/or receiver being constructed as an inventive, 
angular switching device. Both the transmitter and receiver can 
be in an angular, more particularly prof ile-square/ cylindrical 
casing shape. 
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When a very compact installation is required, it is advanta- 
geous to provide an evaluating unit, where the transmitter, re- 
ceiver and evaluating unit are in each case housed in separate 
casings- Thus, receiver and transmitter are offset from the 
evaluating unit. 

In a further advantageous and particularly inexpensive solution 
of the inventive device the transducer elements are directly 
fitted in a separate, very short bush (approx. 8 to 12 mm) , 
which can also be called a transducer receptacle, this taking 
place orthogonally to the circuit board plane. To cut down 
costs, the transducer unit is treated like an electromechanical 
component, which is solderable to the circuit board by means of 
at least one clip on the bush- like shielding can, A mechanical 
alignment, particularly with respect to the parallel position r- 
ing, takes place by means of the transducer receptacle resting 
flat on the circuit board. To avoid an inadmissible stressing 
of the soldered joints in special cases the transducer recepta- 
cle can have pins and/or detents, which engage in the circuit 
board, mechanically fix the same and at the same time form a 
stop with respect to said circuit board. Additional strength 
can be brought about by an adhesive fixing of the transducer 
receptacle and/or the bush-like shielding can. If a metallic 
shielding can is unnecessaary or is unusable, alternatively use 
can be made of a bush- like can which has a locking engagement 
with the printed circuit board. 

Such a device is particularly suitable for detecting or recog- 
nizing single, missing and/ or multiple sheets, e,g. in printing 
presses. For this purpose the transmitter is appropriately an 
ultrasonic and/or optical transmitter and/or a capacitive sen- 
sor is provided, the receiver then being constructed with cor- 
responding ultrasonic and/or optical sensors, or in the case of 
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a capacitive sensor a precisely aligned capacitor element must 
be formed , 

The supply of transmitter and receiver can also take place 
separately, so that there is no need for a connection between 
the transmitter unit and receiver unit. This can in particular 
be necessary if significant distances are to be bridged with 
angled barrier layouts or very wide objects are to be measured^ 
particularly paper webs . 

As a result of the angular design of the switching devices^ the 
device can be constructed in a particularly compact manner 
opening up new areas of use. 

A defined relative positioning can be achieved in a particu- 
larly simple manner if the transmitter and receiver are located 
in a joint holder. 

As the electronics for the transmitter normally take up less 
space than the electronics for the receiver, in an inexpensive 
variant the transmitter can be constructed as an axial switch- 
ing device* 

Further advantages and features of the method according to the 
invention, the angular transducer unit, the angular switching 
device and the device for the detection of objects are de- 
scribed in greater detail hereinafter relative to the attached 
diagrammatic drawings, wherein show: 

Fig. 1 A plan view of a tool for performing the inventive 
method . 

Fig. 2 The tool of fig. 1 in a view from the front. 
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Fig. 3 The tool of fig. 1 in a sectional view along lines 3- 
3. 

Fig. 4 A plan view of a bush centring device for insertion 
in the tool of fig* 1. 

Fig. 5 The bush centring device of fig. 4 in a sectional 
view along lines 5^5. 

Fig. 6 The bush centring device of fig. 4 in a sectional 
view along lines 6-6. 

Pig. 7 A sectional view of the tool of fig. 1 in accordance 
with fig. 3 with inserted bush centring device. 

Fig. 8 A sectional view corresponding to fig. 7 with in- 
serted 

transducer element and a bush brought into the stop 
position - 

Fig. 9 A part sectional view of a transducer element vacuum- 
fixed to the tool and with a bush in a first embodi- 
ment . 

Fig. 10 In a part sectional view a transducer element vacuum- 
fixed to the tool and with a bush in a second embodi- 
ment . 

Figs. 11 to 13 Examples for the use of the inventive angular 
switching devices in object detection devices - 
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A perspective view of an embodiment of an inventive 
device for the detection of objects, particularly 
single, missing or multiple sheets* 
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Fig. 15 A plan view of the device of fig. 14. 

The method according to the invention for the manufacture of an 
angular transducer unit 12 will now be described relative to 
figs. 1 to 8 . A tool 4 0 used in this connection is shown in 
different representations in figs. 1 to 3 . This tool 40 essen- 
tially comprises a tool body 42, which can e.g, be made from 
steel. In said tool body 42 is formed a bush receptacle 46, 
which in the example shown has a substantially square base sur- 
face with rounded corners- Within said bush receptacle 46 is 
formed a transducer receptacle 44 as a circular disk- shaped de- 
pression. In the manner shown in fig. 2, for fixing a bush in 
the bush receptacle 46 a holder 48 is provided, which is held 
on the tool body 42 with the aid of magnets 52 . As can be seen 
in fig. 3, the tool body 42 is provided in the vicinity of bush 
receptacle 46 with a stepped, staircase-like profile with two 
steps 50 which, as shown e.g. in fig. 8, can be brought into 
aligned engagement with a bush 16 - 

Figs, 4 to 6 show a U-shaped bush centring device 54 to be in- 
serted or engaged in the bush receptacle 46 of the tool body 
42- Bush centring device 54 can also be made from steel. In 
fig. 7 is shown a cross -sectional view of the tool 4 0 with in- 
serted bush centring device 54 , 

Fig. 8 provides a corresponding sectional view of a bush 16 
brought into stop engagement with tool 40. A transducer element 
13 is fixed in aligned manner in transducer receptacle 44 using 
an adhesive film 56. The transducer receptacle 44 is con- 
structed as a roughly 0.1 mm deep depression for receiving ad- 
hesive film 56- A bush centring device 54 is inserted in the 
tool body 42 and foinns the bush receptacle 46 for bush 16. As 
can be gathered from fig* 8, a front end 19 of bush 16 engages 
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with an inside of the bush centring device 54 and a setback 
shoulder 18 of bush 16 with a step 50 of tool body 42 . This 
provides a precise aligned positioning of bush 16 relative to 
tool 40. Stop engagement of the setback shoulder 18 with step 
50 does not take place if said shoulder 18, due to the manufac- 
ture of the bush 16, is not precisely defined. Finally bush 16 
is fixed with the holder 48 with respect to the tool 40, so 
that in the situation shown in fig- 8 manufacture of the trans- 
ducer unit 12 can be completed by connecting transducer element 
13 to bush 16, e.g. by foam filling of the gaps. 

Method variants in which the transducer element 13 is fixed by 
vacuum with respect to the tool body 42 will be explained with 
reference to figs. 9 and 10. In a part sectional view fig. 9 
shows a situation in which a transducer element 13 and a bush 
16 are inserted on or in a tool body 42. A precise alignment of 
the bush 16 can take place in the manner described above rela^ 
tive to fig* 8* The transducer element 13 is sucked against the 
tool body 42 by means of a vacuum produced in a vacuum duct 60. 
A seal 58 is inserted in a circumferential groove in tool body 
42 and ensures adequate vacuum sealing. The seal 58, which can 
e.g, be an 0-ring, is consequently used for sealing the trans- 
ducer surface . 

If the transducer element 13 is correctly positioned relative 
to bush 16, for fixing transducer element 13 relative to bush 
16 the gaps 21 are filled with foam 17. For this purpose a foam 
nozzle is inserted in bush 16 through a rear opening 23 in the 
latter (see fig. 8) . Therefore bush 16 is made as short as pos- 
sible. To prevent a foam overflow over surface 26 defined by 
transducer element 13 and bush 16, the transition area between 
transducer element 13 and tool body 42 is additionally sealed. 
For this purpose, in the variant shown in fig. 9, a further 
seal 59 is provided and is also inserted in a circumferential 
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groove in tool body 42. Whereas seal 58 brings about vacuum 
sealing, seal 59, which can e,g. be an O-ring made from very- 
flexible silicone, ensures an adequate foam or residual pres- 
sure seal to avoid a suction effect on the liquid filling mate^ 
rial, particularly the foam. Thus, said seal 59 is ■ positioned 
as far as possible radially to the outside relative to trans- 
ducer element 13, Seals 58 and 59 must be carefully matched to 
one another, so that seal 59 is always pressed down and conse- 
quently ensures both an adequate vacuum sealing and foam seal- 
ing. In practice, seal 59 is made from a more flexible material 
than seal 58 • 

In the embodiment illustrated in fig. 10 the area between 
transducer element 13 and tool body 42 is sealed by a rubber 
base 61 in order to obtain a suitable foam sealing. 

An underfoaming of the transducer element 13 is also avoided in 
the examples disclosed by a pressure compensation taking place 
in compensating ducts 62 radially surrounding the vacuum ducts 
60. Thus, there is no pressure gradient between the gaps 21 to 
be foamed and the pressure compensating ducts 62, so that under 
vacuum pressure action on a transducer ceramic there is no suc- 
tion pressure on the foam. An important advantage can be 
achieved as a result of this in that the hardened foam, the 
transducer surface and the boundary surface of the bush 16 form 
a planar, well-defined termination. The quality of this plane 
is then essentially limited by the manufacture of the trans- 
ducer surface and/or the bush surface. Any foam residues can 
optionally be removed by a cutting mould. 

A precise alignment of transducer element 13 can be brought 
about with the aid of a centring form not shown in figs. 9 and 
10 and which can also be referred to as a transducer centring 
device- Such a centring device can be placed in or on tool body 
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42 and a transducer element 13 can then be brought into aligned 
engagement therewith, i.e. in the simplest case inserted 
therein • Before or after this the vacuum can be connected in, 
so that the transducer element 13 is sucked onto the tool body 
42 . The centring device can then be removed, so that following 
foaming the transducer surface, boundary surface of the bush 
and hardened foam can form a planar termination. 

For removing the centring device or centring mechanism the tool 
body 42 can be provided with a suitable guide, which in par- 
ticular ensures the parallel nature of the removal - 

Thus, the method brings about a clean, well defined boundary 
surface of the transducer element 13, which can e,g. be a pie- 
zoelectric element, the boundary surface of bush 16 and the 
hardened foam- A simple centring of the piezoelectric ceramic 
by hand or machine can, as described, take place by a centring 
form, which can also be called a transducer centring device. 
Said device, e.g, following the suction action of the trans- 
ducer element 13 or following an adhesion of said element 13 
with an adhesive film, can be easily removed. The bush 16 can 
then be pressed on by machine, particularly using a siphon and 
can be aligned with respect to the bush receptacle 46 in tool 
40, This permits automated production, i.e. large scale indus- 
trial production, 

Numerous variants of the object detection devices 70 according 
to the invention are shown in figs . 11 to 15 * With each of said 
devices 70 there is a transmitter 72 for emitting a measuring 
signal in a detection area 79 and a receiver for receiving an 
incoming signal from detection area 79. In the variants shown 
the transmitter 72 is positioned facing receiver 74 in such a 
way that the radiation area of transmitter 72 and the receiving 
area of receiver 74 are substantially symmetrical to a common 
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axis 7S. Ab a function of the interaction of the objects to be 
detected with the irradiated radiation, in principle other ar- 
rangements are also possible. 

In the case of the embodiments of figs, 11 to 13 transmission 
through an object located in detection area 79 or the shielding 
of the radiation through said object is measured. If in an al^ 
ternative development the reflection through an object to be 
detected is to be measured, transmitter and receiver are ar- 
ranged with a geometry determined by the reflection law. 

In the three variants shown in each case the transmitter 72 is 
connected by a connecting line 73 to receiver 74, which is in 
turn connected by a line 75 to the corresponding supply and 
evaluating units . 

In the embodiment of fig. 11 transmitter 72 is axially con- 
structed, which is particularly inexpensive* 

A particularly compact example of a device for the detection of 
objects 70 is shown in fig, 12, where both the transmitter 72 
and receiver 74 is constructed as an angular switching device 
according to the invention. 

A variant of the example of fig, 12 is shown in fig. 13, where 
transmitter 72 and receiver 74 are located in a joint holder 
76, which permits a precise relative orientation of transmitter 
72 and receiver 74 in a simple manner. This example is shown in 
greater detail in figs. 14 and 15, the corresponding components 
always having the same reference numerals - 

Fig. 15 shows the basic structure of the inventive angular 
switching devices 10. An inventively manufactured transducer 
unit 12 is inserted at a front end 22 in a casing sleeve 14. At 
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a rear end 20 of casing sleeve 14 is provided a connection part 
24 or 25 by means of which electronics in the casing sleeve are 
connected to external supply and evaluating devices - Said 
switching devices 10 can be advantageously manufactured by a 
single-operation method, such as is e*g, described in German 
patent application 103 59 885.5. For this purpose a transducer 
unit 12, a support with an electronic circuit, a shielding 
sleeve and the connection part 24, 25 form a module, which is 
then inserted into the casing sleeve 14 from front end 22. 
There is no need for separate centring measures. 

Connection parts 24, 25 are preferably made in a fully trans- 
parent manner, so that via suitable lighting means a status 
display to the outside can take place. The transparent con- 
struction permits a quasi ^all-round visibility, such as is e.g, 
described in German patent application 103 43 529.8. 

The variants of the devices for the detection of objects 70 
shown in figs. 11 to 15 can e.g. be constructed as ultrasonic 
barriers with ultrasonic transmitters 72 and ultrasonic receiv- 
ers 74 . Such ultrasonic barriers and sensors are more particu- 
larly used in paper^processing machines, such as scanners, 
copiers and paper cutting machines. In general, for the detec- 
tion of the corresponding paper sheets, i.e. particularly for 
detecting single, multiple and/or missing sheets, high fre- 
quency sound is used. 

In alternative variants use can be made of light sensors or a 
capacitance measurement is performed. The sensors arranged in 
angular manner permit a very good installation solution, par- 
ticularly with machines where the space conditions are very 
confined, especially in the case of a small construction hight. 
Although it is still very compact, the variant of fig, 11 is 
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very inexpensive, the transmitter 72 being housed in an ap- 
proximately 20 mm long casing sleeve. 



